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The Spread of Bacteria and Toxins from Infected Wounds; the Clinical Application of Laboratory Findings.-J. M. BARNES, M.B. The following is a brief description of some experiments carried out by Dr. J. Trueta and myself on the spread of bacteria and toxins from the tissues.
Older writers had shown that bacteria injected under the skin could be grown both from the blood-stream and from the lymph glands draining the area within a very few minutes. They concluded that they only reach the blood by way of the lymphatics. We have confirmed this in the following way. Under anaesthesia the femoral vessels were isolated in the groins of rabbits, an under a dissecting microscope the main lymphatic trunks were destroyed; a stout ligature was then placed round the remaining tissues of the leg at this level, leaving the lower part of the leg connected to the body only by the femoral artery and vein. Deep wounds were then made into the muscles of the calf of the leg, sand into them was dropped a saline suspension of bacteria. The limb was moved for a few minutes and ten and sixty minutes later blood was removed from the ear vein. At this time the animals were killed and the spleen removed. The blood samples and spleens were cultured. When bacteria were placed in wounds of normal animals the blood and spleen cultures were invariably positive. In our experimental animals they remained sterile. In other words bacteria failed to reach the blood from a limb whose lymphatic drainage had been destroyed.
We then investigated the absorption of certain snake-venoms. Using black tiger snakevenom we found that a dose given to an animal prepared in the way just described failed to kill it within sixty minutes. The same dose killed normal animals within seven minutes. Further experiments showed that whereas obstruction of the lymphatic return invariably delayed the death of the animals, obstruction of the venous return alone had no effect. We concluded therefore that this venom was absorbed by the lymphatics.
Since mechanical obstruction of the lymphatics is obviously not a practical procedure we decided to test the absorption from immobilized legs, since the lymph flow is known to be minimal under these conditions. Using smaller doses of venom that killed control animals within three hours we found that of 13 animals given the venom into a limb immobilized in plaster 4 survived, 4 lived for over twenty-four hours, and 5 survived for over eight hours. Using Russell viper venom in a small series of kittens we obtained similar results. On the other hand we found that cobra venom was absorbed at the same speed from normal and from immobilized limbs; it behaves in the same way as strychnine and other crystalloids which are known to be absorbed by the blood. The difference is probably due to the fact that the first two venoms possess large molecules, whereas the molecule of the cobra venom is small, We then turined our attention to the bacterial toxins. Little is known about their chemical composition, but they are known to consist of large molecules similar in size to those of serum proteins. Twelve rabbits were given a dose of tetanus toxin into the leg; six remained free and six had had their leg immobilized in plaster prior to the injection. The control animals all died within five days with generalized tetanus; of the immobilized animals two only died of tetanus, and those nine and fourteen days after the injection.
In view of the obvious importance of the lymph in the carriage of toxins and bacteria we tried to find out more about the factors governing its flow from limbs. It has long been known that with a limb at rest no lymph will flow from a cannula tied into any of the main lymphatic trunks,but that it commences to flow as soon as the part is moved. We found that the maximum flow from the leg of an anaesthetized dog took place when active muscular contraction with full movement was brought about by stimulation of the nerves to the leg. If the limb was then enclosed in plaster and the muscular contractions continued the flow became very small. In other words, it is the movements and not the increased metabolic activity of the muscles that are mainly responsible for the flow of lymph.
Inflammation is also known to increase the flow of lymph, and we found that if the paw of a dog was inflamed by hot water the flow of lymph from a cannula in the lymphatics in the groin increased within about sixty minutes. We noticed that this increase coincided with the development of cedema, and it has been shown experimentally that in inflammatory cedema the lymphatics, far from being occluded, are held widely open. This was clearly shown by the fact that pressure on the cedematous foot produced a copious flow from the groin as long as pressure was maintained.
We then tried the effect of preventing cedema ky enclosing the foot in plaster as soon as it had been scalded, and in this case the flow never increased to the same extent as in the leg where the foot remained free. Nevertheless there w-as still some flow in spite of the partial immobilization, but we found we could' still further reduce this if local drainage was provided by incisions into the foot after scalding and before enclosure into plaster. ABSTRACT
The Spread of Bactenra and Toxins from Infected Wounds; The Clinical Application of Laboratory Findings.-J. C. SCOTT, M.S., F.R.C.S. From the clinical point of view, observations on cases treated by the closed plaste,r technique have led to the conclusion that the following conditions, presented in order of importance, are chiefly concerned with maintaining consistently satisfactory results and avoiding complications:
(1) Adequate excision and drainage of the wound.
(2) Adequate immobilization.
(3) Careful selection of the time for changing the first plaster and careful avoidance of uinecessary movement of the limb when the plaster is changed.
(4) If the above conditions are observed, the bacterial flora is on the whole of little significance. The complete investigation of bacterial flora present under the plaster has been carried out in a limited number of cases. Mr. J. C. SCOTT showed a case and described two others in connexion with this paper.
